Background {#Sec1}
==========

The development of industrial and agricultural activities followed by the development of general social welfare has led during recent decades to an increase in the demand for potable water. This has also led to the production of great quantity of pollutants, with a serious risk of conservation of surface and groundwater quality.

The groundwater in the eastern region of Ghana have special economic significance, representing the country's greatest hydrostructure with freshwater. Groundwater in the eastern region of Ghana especially Akwapim North and South districts, East and West Akim Districts, Suhum-Kraboa-Coaltar Districts and the New Juaben Districts runs a high risk of pollution with agrochemicals, municipal and domestic waste because of the high density of urbanization and intense agricultural activities. Rivers across these districts are another source of pollution. In these situations, pollutants released on the ground surface may rapidly reach the aquifer and travel long distance in a very short time through preferential pathways, ([@CR12]). Anthropogenic loading of nitrogen and phosphorous from industrial, municipal and agricultural sources has increased nutrient load in the aquifers.

The river basin within which the aquifers for these district lies have been identified by Water Resources Commission of Ghana as most problematic and vulnerable catchment on the priority list of issues especially on water pollution. Enhanced use of pesticides and fertilizers, improper land use, water shortage, urbanization and lack of adequate data and information for effective management were some of the problems identified, ([@CR7], [@CR1]). Intensive use of land and water involving complex structures built in watersheds necessitates the development of special approaches for studying and forecasting the effect of mans activities on the natural runoff regime.

Increasing water needs, constraints imposed by quality of different uses and the growing importance of contamination as a result of urban, industrial and agricultural activities makes it more necessary to consider aquifers as components of water resources system to increase dependable water supplies and to preserve water quality. The data collected is therefore aimed at evaluating the effects of human activities on groundwater and characterizing the chemical quality of water.

The study area {#Sec2}
==============

The Densu River basin is located in Southern Ghana and covers the South-Eastern part of the Greater Accra Region and the South-Western portion of the eastern region. The Densu River Basin lies between latitude 5°30′N--6°20′N and longitude 0°10′W--0°35′W. The basin shares its catchment boundary with the Odaw and Volta basins to the east and north respectively, the Birim basin in the northwest and the Ayensu and Okrudu in the west. (Fig. [1](#Fig1){ref-type="fig"}). The climate of the basin is characterised by prevailing high temperatures and marked variations in the duration, intensity and seasonal distribution of rainfall. Temperatures are uniformly high throughout the year. The mean annual temperature is about 27°C, with March/April being the hottest (32°C) and August being the coolest month (23°C). Fig. 1Map of the study area

The basin falls under two distinct climatic zones; the dry equatorial climate of the SE coastal plains, and the wet semi-equatorial climate further north from the coast. Both climatic zones are characterised by two rainfall regimes with different intensities ([@CR4]). The major rainy season extends from April/May to July and attains a peak in June when the maritime instability causes a surge of the moist south-westerly air stream resulting in the intensification of the monsoon rain. The annual rainfall ranges from 1,700 mm in the wet interior to 800 mm in the dry equatorial zone near the coast. A complex of Precambrian granite and granodiorite with associated gneiss underlie the larger part of the basin (about 90%). The other formations are rocks of the Upper Birimian that occur at the watershed of the river in the northwest, and rocks of the Togo series, which underlie the southeast part of the basin and the area south of Weija to the estuary. TheUpper Birimian rocks consist mainly of metamorphosed lava and tuff, and pyroclastic rocks ([@CR8]). The rocks of the Togo Series are highly folded and jointed, and form the chain of hills known as the Akwapim-Togo Ranges, which extend from the coast near Accra to the Togo border. The rocks include sandstone, quartzite and quartz schist, shale, phyllite and some talc mica schist.

Methodology {#Sec3}
===========

Field and laboratory methods {#Sec4}
----------------------------

Groundwater samples were individually collected from domestic and municipal wells into acid cleaned high density 1 l polyethylene sampling bottles and analyzed independently. In all 18 boreholes and four hand dug wells were selected and sampled based on population density, level of activity in the area and importance of the facility to the community. The sampling groundwaters were from Akwapim (AK), East Akim (EA), West Akim (WA), Suhum (SH) and New Juaben (NJ) districts. Water samples from domestic and municipal wells were pumped out using existing infrastructure for over 20 min before samples were taken. Electrical conductivity, pH and temperature were measured using digital meters, portable Hach Conductivity meter, Metrolin model 691-pH meter and mercury-in-glass thermometer respectively immediately after sampling. Samples for major, minor and trace metal analysis were filtered through 0.45 µm cellulose acetate membrane filters and those for trace metal analysis acidified with 5 ml analytical grade conc. HNO~3~.

Water samples collected in the field were analyzed in the laboratory for chemical constituents such as SO~4~^2−^, NO~3~^−^-N, Cl^−^, HCO~3~^−^, Ca, Mg, Na, and K, both classical and automated instrumental methods as described in the standard methods for analysis of water and waste water ([@CR11] and [@CR6]). All reagents used were of analytical grade and instruments pre-calibrated appropriately prior to measurement. Replicate analyses were carried out for each determination to ascertain reproducibility and quality assurance.

Discussion {#Sec5}
==========

The hydrochemistry of groundwater with electrical conductivity between 107 to 1,053 µS/cm and pH values between 4.9 and 6.95 is characteristic for the sampled groundwater. It matched favourable with hydrochemical characteristics documented by Water Resources Commission for the Densu River Basin, ([@CR3]). AK5 in the Akwapim district recorded the least pH of 4.49. In this area of intensive agricultural cultivation, relatively high concentrations of nitrate were measured. Ten locations measured nitrate levels above the limit of 10 mg/l recommended for drinking water, ([@CR14]), (Table [1](#Tab1){ref-type="table"} and Fig [2](#Fig2){ref-type="fig"}). All these locations fall in the forest zone where there are intensive agricultural activities and population density. The elevated levels can therefore be attributed to the use of chemical fertilizers and sewage. More intensive agricultural production, the ploughing up of grass in a ley-arable rotation, the spreading of animal manure, sewage sludge and effluent can all contribute to nitrate leaching. The prime characteristics of nitrate leaching is that it occurs due to what can be called "untimely nitrate" i.e., nitrate which is in the soil at a time when a crop cannot use all that is available hence some are leached ([@CR2]). Heavy precipitation and denitrification rate influences the nitrate content in leached water. The sulphate in the water (0.03 and 181 mg/l) originates from agricultural activities since it is no where near the high concentration of 275--585 mg/l normally attributed to dissolution of evaporates ([@CR13]). Fears have been expressed that nitrate contaminated water supplies carries the risk of methaemoglobinaemia (blue-baby syndrome) and stomach cancer. The main pollution risk for the aquifers is vertical infiltration of precipitation and flushing of pollutants from the soil. Table 1Mean levels of physical and chemical composition as well as saturation indices of minerals in groundwater in the eastern region of GhanaNameEA1EA2EA3EA4WAIWA2WA3WA4SHISH2SH3SH4SH5NJ1NJ2NJ3NJ4AK1AK2AK3AK4AK5Conductivity18052453225792265110536484791343283016033172675327191,029920443547107TDS (mg/1)100.8293297.9143.9516.3364.56589.7362.88268.2475.04183.7168.6337.68177.5149.5297.9402.6576.24515.2248.1306.359.92pH6.45.55.76.46.386.16.66.556.956.116.66.576.86.635.896.86.736.626.366.516.164.49Ca (mg/1)18.732.736.921.521.515.141.222.9295.936.823.759.826.512.921.430.369.248.215.136.13.9Mg (mg/1)6.310.415.48.335.512.244.317.716.955.610.210.58.66.421.83755.940.215.727.62.4Na (mg/1)8.737.327.31312210177.382.266.519.531.526.248.165.842.184.119522110685.888.916.9K (mg/1)1.65.24.33.33.33.35.32.25.71.52.221.23.52.44.33.210.55.21.953.6HCO~3~ (mg/1)91.865224212013096190104621128615610868.120445027214017810012SO~4~ (mg/1)1.110.414.70.0357.857.67560.272.9632.937.366.765.614.732.53518145.741.69.38.5Cl (mg/1)10.591.964.38.514595.710971.762.25.635.63258.657.836.138.590.215815226.45.120.4NO~3~ (mg/1)0.50.133.312.541.34.150.84.15.63.65.50.86.60.015.330.627.26648.310.847.85.4Mg/Ca0.3370.320.4170.3861.6510.80791.0750.77290.58280.84750.1520.430.17560.3250.4961.0191.2210.80780.8341.040.7650.615Ca/Mg1.81.911.4531.5710.3670.7510.5640.7851.0410.7163.9851.4093.4541.8691.2220.5950.4970.7510.7270.5830.7930.985Na/K9.24712.210.86.762.8752.0524.863.5419.8422.1124.3522.2868.1731.9729.8333.26103.635.834.6776.830.247.984Ca + Mg1.4522.493.1091.7563.9941.7575.7012.5992.8380.7062.2972.0223.8482.031.172.8624.5578.0535.7132.0454.0730.392Na + K0.4191.761.2970.655.3914.4783.4983.6323.0380.8871.4261.1912.1232.9521.8933.7688.5649.8824.7443.7813.9950.827Na/Cl0.8290.410.4251.5290.8411.05540.7091.14641.06913.48210.8850.8190.82081.1381.1662.1842.1621.39870.69743.2517.430.828IS anhydrite−4.15−3−2.84−5.66−2.6−2.66−2.23−2.49−2.3−3.87−2.47−2.59−2.05−2.35−3.21−2.78−2.72−1.76−2.38−2.79−3.1−3.87IS aragonite−1.88−2.7−2.95−2.15−1.85−2.21−1.45−1.43−1.18−2.82−1.35−1.68−0.85−1.51−2.7−1.16−0.81−0.84−1.46−1.65−1.87−5.25IS calcite−1.73−2.6−2.8−2.01−1.7−2.07−1.3−1.28−1.04−2.68−1.21−1.54−0.7−1.37−2.55−1.02−0.67−0.7−1.32−1.51−1.73−5.11IS dolomite−3.59−5.3−5.64−4.08−2.84−3.88−2.23−2.33−1.96−5.08−2.89−3.09−1.82−2.87−5.06−1.69−0.9−1.14−2.36−2.66−3.22−10.08IS gypsum−3.93−2.8−2.62−5.44−2.38−2.44−2.01−2.27−2.08−3.65−2.25−2.37−1.83−2.13−2.99−2.56−2.5−1.54−2.16−2.57−2.88−3.65IS halite−8.58−7−7.32−8.5−6.34−6.59−6.66−6.8−6.96−8.5−7.51−7.63−7.13−6.99−7.37−7.06−6.35−6.07−6.38−7.21−7.92−7.99Fig. 2Levels of NO~3~^−^-N in groundwater samples

Results from the study indicate that majority of the samples are fresh water since the Total Dissolved Solids (TDS) did not exceed 500 mg/l ([@CR9]). Four exceptions were reported for borehole numbers WA1, WA3, AK1 and AK2. Their TDS content varies between 515 and 589 mg/l. The ionic sequence in the groundwater samples were Na \> Ca \> Mg \> K and HCO~3~^−^ \> Cl^−^ \> SO~4~^2−^ \> NO~3~^−^ (Fig. [3](#Fig3){ref-type="fig"}). Permissible levels were exceeded for conductivity in four stations, AK1 (1,029 µS/cm), AK2 (920 µS/cm), WA1 (922 µS/cm) and WA3 (1,053 µS/cm). The ground waters are weakly mineralised and are dominated by Ca-HCO~3~^−^, Na-Cl and mixed Na-Ca-HCO~3~^−^ types of water (Fig [4](#Fig4){ref-type="fig"}). Both SO~4~{sr2−} and Cl^−^ show strong, near positive correlations with total dissolved solids (TDS) or electrical conductivity; Fig [5](#Fig5){ref-type="fig"}, which indicates that these conservative constituents of groundwater are being steadily enriched up to high overall mineralization. These facts again suggest very little solute loss through drainage, and that lateral movement of groundwater is minimal ([@CR13]). The Na/Cl ratio with a weighted ratio of 2.01 suggests some reaction with silicate minerals cation exchange releasing Na at the expense of some other cation. The Mg/Ca ratio is maintained between 0.1--0.83 over most of the aquifer which is consistent with an equilibrium control although the weighted ratio 0.69 is slightly lower than that expected (0.8) if both calcite and dolomite are the controls ([@CR5]). Fig. 3Sequence on ions in groundwater samplesFig. 4Scattergram of Cl-and SO~4~^2−^ ion concentrations in groundwater as a function of the electrical conductivityFig. 5Trilinear piper plot of chemical composition of groundwater samples

The quality of groundwater depends on the mineralogy, reactivity of drift materials and the degree of equilibrium that has been attained between water and rock, ([@CR10]). The hydrochemical equilibrium conditions controlling the groundwater were therefore studied with the program WATEQ F. The saturation index (SI) of groundwater samples with respect to mineral precipitation is expressed by: S.I.=log (IAP/K~sp~) where IAP is ion activity of the solution; K~sp~ is equilibrium constant of the reaction considered at temperature T. The majority of ground waters in the study area are moderately mineralized. The saturation indices indicate that the ground waters in the study area are under saturated with respect to calcite, gypsum and halite (Fig. [6](#Fig6){ref-type="fig"}). Calcium concentrations are controlled by dissolution of calcite, gypsum and dolomite. Fig. 6Correlation of index of saturation of halite and calcite with Na^+^ + Cl^−^, and Ca^2+^ + HCO~3~

Alkalinity values ranged from 12 to 275 mg/l. The lowest values are for very low residence time and low mineralization groundwater. The values are plotted against the ratio (Ca + Mg)/Na in Fig. [7](#Fig7){ref-type="fig"}. This shows the classical relationship where low alkalinity values are associated with Ca and Mg. High HCO~3~^−^ alkalinity can only exist in the presence of Na dominance which can develop through cation exchange, calcite precipitation, both of which decreases the (Ca + Mg)/Na ratio, and evapotranspirative enrichment of all ions ([@CR13]). Fig. 7Scattergram of the ionic ratio (Ca + Mg)/Na as a function of HCO~3~^−^ concentration

The highest concentrations of Cl^−^ and TDS were found in wells in high residential areas while the highest levels of Na, Ca, SO~4~^2−^ and NO~3~^−^ were found in agricultural and high density residential areas. Relatively low concentrations of inorganic constituent were found in wells in undeveloped and low density residential areas.

Conclusion {#Sec6}
==========

The groundwater in the eastern region have special economic significance, representing the country's greatest hydrostructure with freshwater. At the same time in this region there are multiple anthropogenic influences. Anthropogenic disturbances have had and continue to have an impact on the aquatic ecosystem of Ghana. Majority of the groundwater sampled were found to be weakly to moderately mineralized with Na^+^, HCO~3~^−^ and Cl^−^ being the dominant ions. Hydrochemical data indicate that intensive use of land for agricultural and industrial activities has impacted greatly on the groundwater quality of the region. Elevated level of NO~3~^−^-N was recorded in about 50% of the boreholes sampled.
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